In pot experiments on cucumber cv. Śremski F 1 , the effect of short-term chilling on plants earlier treated with triacontanol (TRIA) and Asahi SL was investigated. These plants were grown in a phytotron at an air temperature of 27/22 º C (day/night), using fluorescent light with far flux density of 220 μmol m -2 s -1 , with a photoperiod 16/8. At the 4th true leaf stage, the respective experimental series were sprayed with: 1) H 2 O -control, 2) TRIA 0.01, 3) TRIA 0.1, 4) TRIA 1.0 mg dm -3 , 5) Asahi SL 0.2, 6) Asahi SL 0.3%. After 24 hours one half of the plants from each experimental series was treated for a period of 3 days at a temperature of 12/6 º C, with all the other growth conditions unchanged. The obtained results have shown that short-term chilling stress caused a significant increase in electrolyte leakage, free proline content and in the activity of guaiacol peroxidase in leaves, but a decrease in chlorophyll a+b content, stomatal conductance, transpiration, photosynthesis, leaf area and in the activity of catalase in leaves. The application of TRIA or ASAHI SL on leaves in the pre-stress period reduced the values of the traits which had been increased as a result of chilling and increased those which had reduced. Generally, TRIA was most effective at a concentration of 0.1 mg dm -3 , and Asahi SL at a concentration of 0.3%.
INTRODUCTION
Cucumber is a vegetable which is commonly grown in the conditions of Poland in field, in greenhouses and plastic tunnels. The optimal temperature for plant growth is 20-25 º C. It is sensitive to ground frost and to persistent temperatures below 10 º C, called chilling temperatures. The magnitude of chilling injury depends on air temperature, time of exposition, plant growth stage and it usually manifests itself after plants are transferred to a higher temperature. Chill-ing temperatures in leaves of thermophilic plants cause the degradation of membrane lipids and decreased integrity of cell membranes (D e K o k and K u i p e r , 1977; C h e n and L i n , 1993), changes in the composition of photosynthetic pigments (H a l d i m a n n , 1998), decreased leaf stomatal conductance ( 2003) . Chilling stress also causes increased accumulation of free proline in plant leaves (A i t -B a r k a and A u d r a n , 1997; H a r e and C r e s s , 1997; C h e n and L i , 2002).
The most frequent method used to increase plant tolerance to chilling stress is plant hardening which can be done before field planting, whereas during the growth of plants biostimulators can be used for this purpose.
Triacontanol (TRIA) is a primary alcohol [CH 3 (CH 2 ) 28 CH 2 OH] naturally occurring in plant waxes. Existing research has shown that TRIA application stimulates dry matter accumulation in leaves (B o r o w s k i , 1992), increases the content of photosynthetic pigments (K u m a r a v e l u et al. 2000) and the CO 2 assimilation rate (M i s t r a and S r i v a s t av a , 1991; M u t h u c h e l i a n et al. 1995; I w a n o w and A n g e l o w , 1997; B l a m o w s k i et al. 1998).
Asahi SL (A t o n i k ) contains natural substances found in plants, such as 5-nitroguaiacolate as well as ortho-and para-nitrophenolate. Its application in plants stimulates their growth (D j a n a g u i r am a n et al. Existing research on the application of TRIA and Asahi SL gives the basis for the supposition that both biostimulators may have a beneficial influence on plants subjected to chilling stress. Therefore, the aim of the present study was to determine the effect of chilling stress on cucumber (Cucumis sativus L.) plants earlier treated with different concentrations of TRIA and Asahi SL.
MATERIALS AND METHODS
The experiments were conducted in a phytotron of the University of Life Sciences in Lublin in the period 16 May -9 June and 18 June -16 July 2008. Seeds of cucumber cv. Śremski F 1 were sown into 84 pots with a diameter of 17 cm, filled with growing medium manufactured by the company Hollas from sieved and milled sphagnum peat with the addition of Hydro fertilizer, chalk and fine washed quartz sand. After emergence, unnecessary seedlings were removed, leaving 2 plants per pot. Until the 4th true leaf stage, the plants were grown in a room with an air temperature of 27/22 º C (day/night), relative humidity of approx. 60%, using fluorescent light with far flux density of 220μmol m -2 s -1 , with a photoperiod 16/8 (day/ night). The moisture content of the growing medium in the pots was maintained at a level of 70% (field water capacity -FWC), using "weight-based" watering. At the 4th true leaf stage, i.e., after 3 weeks of growth, the plants were divided into 6 experimental series (with 14 pots in each) differing in the type and concentration of the biostimulator applied: 1) control -H 2 O; 2) triacontanol (TRIA) -0.01; 3) TRIA -0.1; 4) TRIA -1.0 mg dm -3 ; 5) Asahi SL -0.2; 6) Asahi SL -0.3%. The biostimulators were administered by spraying the plants; the spraying was done in morning hours using a hand sprayer, applying ca. 5 cm 3 of the solution per pot. After 24 hours one half of the plants from each experimental series (7 pots) remained in the same conditions, whereas the other part (7 pots) was transferred to another phytotron and subjected to a temperature of 12/6 º C (day/night) with relative air humidity of approx. 95%.
Immediately after the three-day period of the action of chilling stress, the following parameters were determined in leaves of the plants treated and not treated with chilling: electrolyte leakage (EL) in accordance with the methodology presented in the paper of M a r k o w s k i and S k r u d l i k (1995), free proline content according to B a t e s et al. (1973) , chlorophyll content according to A r n o n (1949) and carotenoid content according to B r i t t o n (1985) . Immediately after chilling stress, samples were also collected to determine the activity of catalase (CAT) and guaiacol peroxidase (POD). The plant material was homogenised in a homogeniser with the addition of 5 cm 3 of phosphate buffer, with a pH of 7.8 in the case of catalase and a pH of 7.0 in the case of guaiacol peroxidase, at a temperature of 4 º C. The homogenate was poured into test tubes and centrifuged at 4 º C at a speed of 10 000 g for 15 min. (catalase) or 10 min. (guaiacol peroxidase). In the solution obtained, extinction readings were made using the spectrophotometric method at a wavelength of 240 nm for catalase (A e b i , 1984) and at a wavelength of 480 nm for guaiacol peroxidase (M a ł o l e p s z a et al. 1994). The activity of the enzymes was expressed in U g -1 f.m., which means, in the case of catalase, the decomposition of 1 μmol H 2 O 2 min -1 gf.m., and in the case of guaiacol peroxidase E min -1 g -1 f.m. The abovementioned assays were performed in 4 replicates.
After collecting leaf samples from the chilling-treated cucumber plants, the plants were returned to the previous conditions of 27/22 º C in which, after 24-hour adaptation, measurements were made of leaf stomatal conductance, transpiration and photosynthesis rate. Determinations were made in 8 replicates using a LCA-4 leaf microclimate control system. During recording, the temperature in the measurement chamber was approx. 30 º C, and far flux density 200 μmol m -2 s -1 . In the same leaves, measurements were also made of minimum fluorescence (F o ), maximum fluorescence (F m ) and maximum quantum yield of chlorophyll (F v /F m ); however, due to the absence of significant differences these data are not presented in the present paper. After making the abovementioned measurements, total leaf area in the cucumber plants was also determined using a planimeter in 4 replicates. The data presented in this paper are the means from two experiments conducted; they were subjected to analysis of variance for double cross-classification. The significance of differences between the means was determined using Tukey ' s confidence half-interval, denoted in the present paper as LSD.
RESULTS AND DISCUSSION
The results presented in Tab. 1 show that the chilling-treated plants demonstrated a 68.2% higher electrolyte leakage from leaf cells than the plants not subjected to stress. Pre-stress spraying of the plants with triacontanol evidently reduced the value of EL both in the untreated plants and plants treated with chilling. TRIA was most effective at a concentration of 0.1 mg dm -3 , which reduced electrolyte leakage by 42.5% in the first case, and in the other case by 27.0% relative to the control treatment. Triacontanol at a concentration of 1.0 mg dm -3 was least effective; in this case, analogous data for the untreated and chilling-treated plants were 13.9% and 5.6%, respectively. The value of the trait in question in the Asahi SL-treated plants was also at a similar level, since the application of the biostimulator in the plants not subjected to chilling stress reduced electrolyte leakage for both concentrations by 13.9%, on the average, and in the chilled plants by 21.4%. It seems that the partial dysfunction of cell membranes and their decreased integrity under the stress conditions are induced by the degradation of membrane lipids, which is indicated by the studies of D e K o k and K u p i e r (1997) as well as of C h e n and L i n (1993).
It was found that the beneficial influence, under the chilling stress conditions, of TRIA and Asahi SL on cells was multi-directional, being related, inter alia, to the effect of free proline on synthesis. The obtained results showed that the control plants subjected to chilling contained, compared to the plants not treated with chilling stress, over 5 times more free proline in their leaves, which is also confirmed by other authors (A i t -B a r k a and A u d r a n , 1997; H a r e and C r e s s , 1997; C h e n and L i , 2002). The application of triacontanol increased the amino acid content in the cucumber leaves not treated with chilling by 6.3, on the average, relative to the control treatment, and the application of Asahi SL by 3.4 μg g -1 f.m., on the average. The chilling-treated plants, and earlier sprayed with TRIA or Asahi SL before the application of stress, contained less free proline by 27.7 and 17.9 μg g -1 f.m., respectively, relative to the control treatment. It indicates that both biostimulators used offer partial protection against the effects of stress, hence the decrease in free proline which performs the role of a protective substance also under stress conditions.
Antioxidant enzymes, such as e.g. catalase and guaiacol peroxidase, also perform a similar role as proline under stress conditions. The results obtained in the present experiments demonstrated that both in the control plants and biostimulator-treated plants chilling stress applied significantly reduced the activity of catalase by 17.0%, on the average, relative to the plants not subjected to chilling. But the application of triacontanol, both in the untreated and chilling-treated plants, significantly increased the activity of the enzyme by, respectively, 72.7% and 71.5%, on the average, compared to the control plants. In this respect, TRIA was most effective at a concentration of 0.1 mg dm -3 , and least effective at a concentration of 1.0 mg dm -3 . The influence of Asahi SL was analogous; in the plants not subjected to stress it increased the average activity of catalase by 57.5% and in the stress-treated plants by 64.5%, but the solution was more effective at a concentration of 0.3% (Tab. 2). However, the effect of chilling stress on the activity of guaiacol peroxidase in cucumber leaves was different, since in the control plants short-term chilling increased the activity of the enzyme more than twice, in the plants in which TRIA had been applied earlier more than 17 times, on the average, and in the plants with Asahi SL application -8.5 times. But the earlier application of the biostimulators, in particular TRIA, in the plants not treated with chilling decreased the activity of peroxidase, whereas in the chilling-treated plants it clearly increased this activity, nearly three times, on the average, under the influence of triacontanol and four times under the influence of Asahi SL (Tab. 2). D o n g H e e L e e and C h i n B u m L e e (2000) as well as G r a h a m and P a t t e r s o n (1982) also note a significant increase in the activity of guaiacol peroxidase and a decrease in the activity of catalase under the influence of chilling stress, substantiating it with very low affinity of catalase for H 2 O 2 . But an increased activity of both enzymes under the influence of Asahi SL have been also observed by D j a n a g u i r a m a n et al. (2005) As indicated by the results contained in Tab. 3, chilling stress also affected significantly the content of chlorophyll a+b in cucumber leaves, whereas it had no effect on the carotenoid content. Irrespective of the type and concentration of the biostimulators used, the chilling-treated plants contained in their leaves, on the average, 15% less chlorophyll than the plants not subjected to chilling stress, which is also confirmed by H a l d i m a n n (1998). The application of the biostimulators in the pre-stress period had a beneficial effect on the content of both chlorophyll a+b and carotenoids in the cucumber leaves treated and not treated with chilling. The plants sprayed with TRIA contained, on the average, 11.9% more chlorophyll a+b relative to the control plants, and 7.9% in the case of those sprayed with Asahi SL, whereas the respective data for carotenoids were 19.0% and 26.2%. Triacontanol administered at a concentration of 0.1 mg dm -3 , and Asahi SL at a concentration of 0.3%, had by far the most beneficial effect on the value of the trait in question. Other researchers also confirm the stimu- Chilling stress inhibited particularly strongly leaf gas exchange processes in cucumber, as the plants treated with a temperature of 12/6 º C, compared to those growing at 27/22 º C (day/night), showed on the average nearly twice lower leaf stomatal conductance, which has been also observed by S t a r c k et al. (2000) in tomato under the influence of chilling stress. Such behaviour of stomata in leaves, for understandable reasons, resulted in a nearly 46% decline in transpiration and a 37% decline in photosynthesis (Tab. 4 and 5). The rapid decrease in CO 2 assimilation in plant leaves under chilling conditions has also been found by F o y e r et al. (1994a), H a l d i m a n n (1998), S t a r c k et al. (2000) and J u a n -S u n g s o o et al. (2001) . The reduction in the CO 2 assimilation rate induced by low temperature stress leads to insufficient supply of natural electron acceptors, in particular NADP; in this situation, O 2 becomes such acceptor, which leads to the generation of RFT in cells (R o bi n s o n , 1988; Ö q u i s t and H u n e r , 1993). The application of the biostimulators in the pre-stress period clearly mitigated the negative effect of chilling on the gas exchange processes in question. The use of TRIA in the untreated and chilling-treated plants increased the average leaf stomatal conductance by 27.3% relative to the control treatment, and the application of Asahi SL increased this parameter by as much as 50%. The respective data for transpiration are 10.5% and 20.4%, whereas for photosynthesis 30.2% and 42.1%. TRIA mitigated, to the greatest extent, the negative effects of chilling on the gas exchange processes in cucumber leaves at a concentration of 0.1 mg dm -3 , whereas Asahi SL at a concentration of 0.3% (Tab. 4 and 5). As a result of its direct effect on growth processes as well as through the inhibition of CO 2 assimilation, chilling stress significantly restricted plant growth. The results contained in Tab. 5 indicate that, irrespective of the earlier application of the biostimulators, the chilling-treated plants developed a 25.9% smaller total leaf area compared to the plants grown at a temperature of 27/22 º C. The pre-chilling application of the biostimulators, in particular Asahi SL, increased the leaf area growth rate; however, it was not confirmed statistically. The beneficial effect of triacontanol on plant growth has also been confirmed by B o r o w s k i (1992), whereas in the case of Asahi SL by D j a n a g u i r a m a n et al. (2005) 
CONCLUSIONS
1. The three-day period of treatment of young cucumber plants with a temperature of 12/6 º C (day/night) caused a significant increase in electrolyte leakage, free proline content and in the activity of guaiacol peroxidase in leaves, but a decrease in chlorophyll a+b content, stomatal conductance, transpiration, photosynthesis, leaf area and in the activity of catalase in leaves. 2. The application of triacontanol or ASAHI SL in leaves in the pre-stress period reduced the value of the parameters which had been increased as a result of chilling and increased those which had decreased. Generally, TRIA was most effective at a concentration of 0.1mg dm -3 , and Asahi SL at a concentration of 0.3%. 3. In the light of the results obtained, foliar application of biostimulators (TRIA, Asahi SL) may be an efficient method of mitigating the negative effects of chilling stress in thermophilic plants.
